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[SIS] U^A&JS-h&M^-tfTfeffitfL^-f 

<J^^A«faSI5WM^«CU^^A2*«fl6^ti« 

Li*25S J P96jy.±60IS : f-96£tT-&*, SI 
fCP* «t tfST 8f SftT. S i U T H 



( 

1 

[W*JS2] Li*20JM^%JM±60m^%£i.T^*> S 

[«#js3] KfisiiaH^fi^s^fi^b'J^^A ai 

,S) iBitft'J > (P»S S ) CDft^Tfe^-tSr^lSt-r 

[»*JS4] U^tfA (Li) <Dffi/£it£X<hU U> 
(P) <Z)iSaJi£it ; £Y<t:L.*:<h#. mm.Q&L±'Vl9&.TX' 

[»*^6] flftG*tfftilttttfltn#t. Li.PO, , Li, S 

n^KiettodiMSiBMiPfC. 

[W*«9] D3 1 CA&JB££:W:'J^'5'A-&&CD^® 

m&miO} »W^Srl.33xlO-'hPaJ^T<DSS5*^ 
^A^&£»S«B#S*m£ 

l^til^ 6 U ? A & Jg £ it « U 5 s - A JC [SJ rt* 
35WOU^^Am?fi®». 

<h £ #®!t £ T 3 it 0 (CfEfE© U ^ ^ A 
[f»5fcJHl2] M@*t«^9~ll©^-rn^{clB«© 
Z £ &<&WLii-tZ> U A 2 ^c«ffio 

&tt&Bl&40X;&L±m'C&rF\ZtKimisl3.&<E>. Lk P43 

40 < c*?iscDSWjas-rLi. ?&£.zfis-?mmmizMi8.zn 
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g&a^KMtcp^ itfsTiBii^n?. ct^igim 
&m\3x\*\4\zmm.c>mmw.mn<oBf$.jjm, 

£&&Bte««?JtJ8£<Z>^fi5cIgi: £ £ £4«* <t 

[%Hj©l¥«I^itt^] 
[0 0 0 1] 

[RWOJR-T *^BJ^. ast&B#*#¥S€<h 

®KSC*fflV»fc'J^'?A««lgPM*5 e t^U5 i '?A2^ 
20 ffitcH-r^fe©T$>-5o 
[0 0 0 2] 

[fi£*GDftfl5] #««^5^fflbfe , J5 1 ^A2^*?a 

[0 0 0 3] •jg : -<^A2^:ttf&otttg^(6]±s-a-^^: 

^fttLT, !|#M2000-340257-^£f«{Cffi®;**lT^-5 
<fc5lc, U^A&J^K8Mt%»©««B'l*«#HSS 

[0 0 0 4] Sfc. U^^Afiffift:i:lCfflli5H^S» 
SiLT> TSolid State lonics5 (1980 663-666J . 

r^ft#65, No. 1 1 (1997) 914-919J , 4$3B2001-25058 
0#^^. rj. Am. Cream. Soc, 84 [2]477-79 (2001)j . 4t 
40 £r¥5-48582*f£«fg. «fBI 3 F4-231346#4ia, r^26[e] 
@^^--^7,WHi^PillSe»(2000)174-175j . US 
6, 025, 094*H*«, US5, 314, 76&'j!&i\zKM<D&Mi&to 

[0 0 0 5] 

MStSi:. U^OA#«twc±: OBitft^T'T* (SiS,) © 
50 [0 0 0 6] U^^A^«±lC«S?{t^)^<i:» 
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[0 0 0 7] f^T, *%5!<^igWtt. U^A&Jg 

t mteza-c fess^^-f sit t cogjsatfflifiPj $ nsiMfc* 

K£JH^ifc«^«&£tft-U3^A2:&ttte£ffi4fci- 10 

d <t {C&'&o 

[0 0 0 8] 

tMfr^M (SiS,) j&i^i&tZ&^TKJ&U $t$B# 
n.MMV>&<t&£.CZ>L<D9i\n.\z&'3< *«&B 

[0 0 0 9] <«tSIH^««fM>-r^fe-fe. 
@#«8¥Hte. Li, P*3i^STHKMfC«^$nT. Si 
mtt^av^t^^tt^. Li£2O0^ 20 

%J£-Lh60JK^%£rF##-. KP*s J: ST* 

*L-<«, Li£25!lT%^Jt60liC^%^T^*$8gW*fl 
[0 0 10] Sitt«l*H#«Mt©if5^HiafiR»©3E 

ttti:^*nat» J: i cts j: t««a$ u v>. 

Ct^MSnt^fc^ CCDSi7&<&«ll#m#3C© 30 
£ tT 'J 5=-^ A&JgtBStfc^'f *©KJfcK# 5 

[ooii] sr-rfcs-erti&^u^A-'j >— f^-vm 
m^mmm. mzy^m^^mimmmmi^mmm. 

\Ztfr<Xl&tlT^2>. 

[0012] i. -r *>e»«j&tasv». 40 
2. u^^A^s^ffitcj^Ms-a-xfe, ^ -fin 

tft&HMEftW. 50 
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4. SiS, teiSfa-Cife-Sa*. m<t>)> (PtSs) fi, tt«5W 
£>. 

[0 0 13] d U^AtcS^** 
te, 20^ %^±T60^%jy.T<*:-r-5o 20H J ?%Jfc«§ 

mm&mmm.® t u a&sb t ©«*tt^<£T-r 

mtt^[ST^-ti--2>. tot, nmnm\t#MkMte-c$> 
2>z.£tiW£.\s^* ^miza^x^mt^ 

THJSSBH5K»£jfc*fr £ f~ **>f tT— * *** 6 *T- 
-5 (—§15 (C tttfgJMiN-^jS^ CD^Sfed^W l/T^ 

[0014] u ^atesrsttsjBFpxfiu^oai^xa 
[0015] *5twmmm#w&mzttznz>M:ftm 

ft^tlTll BMt'J^A (Li,S) £mt ] )> (P s 
S 5 ) ©-ft-&^75WiBTS' ; 5>o #«C, U^^A ai) <D*i 
fifcitSXtb, 'J> (P) ©fflfijcit^YtUfct^, X/Y^i 
1. 0jy.±19^TT*S d tjJWSbU. 
[0 0 16] Cl(D«StS@#:««PMic«mS*3<j; 

?%m&EkT<DWLmts.8tm*.tc\t&m<Dtttz&K>. s 

a L T li -5 7tJ?) <hlft5£ ^ n-s „ 
[0 0 17] Bfcafcfc^tMfc'&ttfcl'Ttt, Li 3 P0, . Li,S 

i/ttt. lupo^n,,/, (o<x<4>7St**^tf e>n«». 

[0 0 18] d©J;^75:»l«H^««K«, f«CT4 
d t * U I S itO . 0 1 m mSJL± 1 0 jtt m^T^* 
M£L<, J;Dif*L<l±0.05*tmUtJiljttin£[T-ea& 

[0 0 19] <'J^^A«fl&»»>Jiia©il«B#«B 
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<fcln. Ti. Zn. BiS/tfaSn^iro-&^d**t.f e.n-5. 

[0020] c<D^^o^^um<Dmmiz. u^a 

K In. Bh Zn, Pb73:<»:K>&J§&M£:JE2fiJtbTt>fil^. 
C <D&mUl& t'Jf A^#*m £ £ & 5 ftS£ffi lr* 
Suit, ^*BS©U^C7A&*©iMW«ra»Kfc 

[0021] jiffi©'j^A-&**mra:, mmmm^m 
*rr -a t * icM e ©titfaJi srfrtj-r tc^-© £ g.&m b t 

{t^ji (Li.o^i:) , mmmm ai.co.) . *seft$i 

a (Li OH) i<m$nTV^^i:^^. C 

ne.ou^^A-i'^->€saf«<g^fc*. m^-f&zt 

^<Dmzm^^>7)^^>^^^ m.*>mgL<z> 20 

[0 0 2 2] dntC«fcO.JH«IH^«»PH»J«SfiSU 
^A^W^-ktCffi^U U^A-MTtmtfcWH 
#«gKIS t O-f > K— ^ > X £ J; 0 {EAST -5 C £ *«T 

[0 0 2 3] »M*®fC^S't±^^-f 

&/&KfCJ:9\ ##m£l.33XlO-'hPa (lxlO"'Torr) 30 
«T«jgiiGX£lC«&Tl*3XPSlCcfc£#WT-t>. 
r>A^*t*^t«ittl@^««?®t©«[^-c. S5SS*^ 

awtu u^a^wm**©*®^^*®^®** 

##T^£l.33X10-'hPa (lXlO 'Torr) ^TC0@Si*S5 
tC&frr^-SXPS (X - ray Photo-electronic Spectro 

scopy : xmytmTftytmftVimw) tLtit 7?-f 

ttS85400SW*3§tf <s n-g. . 
[0 0 2 4] 5(1^*^*^1. 3X10" 'hPa (1X10 40 

'Torr) m&v>mis<nn&mm&m^it.nmffl&v> : Bm. 

3£« T t> « WIS £ b T riEKT * £ £ # T 

[0 0 2 5] l7f>yigtt»S»l©^ISi 
tt. 5S£t::MgbT*>&^#. Xy?->yie©l»7« 50 
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CltdtifSbV^ x-y^>^xefw«tOSM^Ma5«Bf 
^fi^litSSl/. SWS®OXy5 1 >^lCiKViT 

mm^mr5W0sixgu^vimiz&^TW,mnmma>M 

[0 0 2 6] Xy^>yie**»T?ff-5l^mtt. 

s®ss©gE5!s-&wji * s -s @s t-rnur a 
w $ ■&* Wf m &mm&nimt&izmt>n *> u 
[0027] flfc*$*jB€sian$£bfcft. «<t 

UfCA (Li> N) &£*©g{L^II£^J&bT;fr>'=>«JS?Sf 

xlO'S/cmJJLhT&O. U^A&JS<i:*St8B#«»Jt 
SgSgW+ffltC^SEbTt), i(Frc<i:©-e£SS8fE&ft© 
«TfCtt-3«:*»6&<r». Sfc, SEffcfcJB H t 

[0 0 2 8] &fc®)mv>MfiUZ7)l>3>i2&m<Z>&-&-i 

n«+^t?S 0 . SEffc3ftTV»fc^»a-#j£ffib&^J: 
•5»Clnm«±©»**«#*bV». fc«b. ^{t#l®«J? 

^ft^l)SCDJ?$«0. 1/xm (lOOnm) ftTKt* C 
*b<. J;i9*f^b<ttl0nmRTT$)^ ( > 

[0029] <v^<j&2#.m.m>&.±<v£?ti.nm^ 

»tt». 'J5 1 ^A2^m?tfcCDft@tbTflJffl-r^Cli^■r , 

€r*BbT^*©*tSI«^^^«b, 
ffi'Jr-XICJRWbTtjPt" -S C tT'J ^^A 2 

RTIEt*:*. -©^{dlfiJBbfe^^lJmT&cDffe. ft 

[0 0 3 0] XSIiH^it^KHirWP^fcSHtt^n^-k 
/1b-^©MKi:bT«, »J^^A-r*>^»T7#* 
^fflTLSrWb. 3fir*«WK^jSTSfSbfct>©*ffl«r> 



( 
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[0031] <mmm&m.mm.<omf8.J3&>*5£Wte& 

&&4QX;&L±mX;&CFlZlJQ&lsfcrf£>U. P*5J:tfST 

jSt4ui*Mtt2i. u^oisH^eUieoigc 

it)jf*L<li Li*251^ : ? L %^±60Jl 
^ %WT^*-«gP* t *MCi < )lCP43j;y:ST«fiR3nT. Si 

£*ffiB#«8¥St£^f«b£:0 , &tSB#«<3¥S?£®f« 
^(CjD^aSrffot, Li£Si©KJ&#i£ii 3*1-5,, £ 

[0 0 3 2] ±IE^tS@#m«fH»JKcD^fiRtt, 

£bV>. 
[0 0 3 3] 

(5U6^Jl)ff*10Atmtfl00nunX50mmO^?g-htC, JP^* 5 
l0ju«©U5 l ^A*J(l»«l**tffi«l*ft'r»fiRU. ^® 

^«^A^MfS*BA0-&tJ-a-T, ^-©U^^A^S?§±lc 
[0 0 3 4] COU^^A^JBfSHISJBriEUfca***. 

3XlO-'hPa (4XlO"'Torr) ffi*72.7XlO 
" 4 hPa (2xlO" 4 Torr) £&<5«J;-5 \Z7 )V3>j37.mm 
9.9999X)**U -ft^XCiO. 15mA, 500VT-T 

:*> e— AR8»*f w-a-f U— tf— T^b—-> a >i* 

A HHWttaU* b T40# Wfr oTWS*, 0£> 
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[0 0 3 5] -f *>tf— A&St^+Brb, H**^TA» 
e.BRKSKJ!6T-5t> HJiil^SaM . 3 x 1 0" 1 hPa (ixi 
O-'Torr) gfi^— ««fcX£8«-CttJl£*«l*lK3S 

10 [0 0 3 6] -f*>t'-A#jJ:^ JfflBttttRU 3# 
Wrtt;:7'Jl^>;tfXffi;'j£2.7X10- 4 hPa (2X10 1 Tor 
r) . Mm : &MM.frt>l<iOX:\Z±%--Z-&fz. Z\(D0kPrT-m 

mm&nmm. : £i¥--£o.5umiz : &f$.Lfz. acmizmmv^. 

&te5Hz<hb£:. 
[0 0 3 7] ^-lEl^bfc--r^>h*— AMIt^#(«8S< 

>x>tM.w<z>mmtiiiZ\z-&t>i*T. Mmt&'&m&fo 

20 -5. 

[0 0 3 8] £Z$$. 1.33X10'hPa (lXlO-'Torr) SIT 

30 [0 0 3 9] *StSH^«»Ht4, Si ^r^063Li, S-36. 5 
SiS, -0.5Li,PO, OMttt^Ut) S^-ysrhtt* 
M*4At, Si^#*^li78Li,S-21.5P t S s -0.5Li,P0 

[0 0 4 0] fiH»»lit0lilbTHW*K3KT«>t. Si£ 
-&tf63Li, S-36.5SiS, -0.5Li 3 PO, ZP—tfy htbfc 

S-SiS,*WJ«tt*RfejSMtf**. *&. -f*>fii»* 
« 25^X1 X 10" 4 S/cm^TTifc 0, 'J A&Jgtlttig 
40 J*ttS-ar*CtK:«kOSitKJi6:bT, *{tLTU5Ci 

[0 0 4 1] — ^. 78Li 2 S-21.5P,S s -0.5Li 3 PO, 

— h<hbfcM^fBcD»^ttiie,MBj-e. -r*>e^ 

S^zaS^-r'S 25^-^1. SXlO-'S/cmTa&o^io -r* 

figit ttEPMA (Electron Probe Micro Anal 

yzer) »«r©tt*. 41%Tfeofe. SSWWffifiR (JE^F 
%) «_hfBEPMA. XPS, ICP (Inductively Coupled PI 
50 asma) %^W^S1t^Xffi 4 »#n©iRS^<i;-S^X 
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ttisspsi2oovRgi-e&-5. x»iHi»rT«» SM*^©t: 
£Wt2«/jN s ft tr— * ©*t& o 

[0 0 4 2] g*rtt«1.33xlO-'hPa (1X10" 

Torr) &T®iBiKJ(g<~ft&"?&«XPS (X - ray Photo 
-electronic Spectroscopy: X^TtS^^^tft^tfrg 
B) £^TM«H#®SSI&a i SU3^A&B»]8SK: 

tt§S5400MT-&-So -tOti*, &t«B#««?»&ri>5 ij 

^A&jBfcfflStoigfiLT, Kss0*atMgnMftHa> 

6 'J 3="? A&JgftMtCft^oT^&WiC^LLT^-S 
[0 0 4 3] 'J?^A^Jg^-ht-78Li ! S-21.5P t S s - 

o.5Li,po 4 h £-*rz>mmmwnMmnm*:w 

7^AK lEffi. W«fI«?*^e>&S'J3^A2;fc 

[0 0 4 4] XfU>*- l-(EC)<h^ntfU->* 

U;KPAN)^«jg«iC^^-Br/ ,k cfecD^^LT, LiPF. 
LTVi SEC. PCSr^StC-g-WT SPANKS b 

fc. dOPAN^ir, ffitiSCtftSLiCoO,*^ 

[0045] mf*nM&nm&BtfiLitMm. ±/*u- 

[0 0 4 6] f£«Ufc«»©5A^«t*te£Mb3fc. 
©*gjf^ t,»-rn©«?at>^5ttmJE^4.2VtbT, 100mA 
0 . 3. 0V£ T«JE^<ST-r-5 fit? 0D^»«0. 5A 
h(7>^70#)T&ofc. SfcX^l^-a&gtt. 500Wh 
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("7-y bBt)/K'J WM-C*o&. 

[0 0 4 7] -£(b\zm— CD^#COif-f ^3Sfttt£?TO 
fc. 600@^_hCOiJ--f ^JU-C^3£t?feO. 600lsl©+r'r ^ 
Jl^Tfe. «J«B®a©50%^i«^oT^S:. 

[0 0 4 8] P*10Mm-C100mmX50nimCD^ 
fg±{C. P£#10Mm©U3^A:&«?*M£X£3l*j* 

©&«B#ss?ss&iBS£«*jdtLfc. mmizv^vAtem 

10 [0 0 4 9] £©U^A£:JgttBI£ft2fi£b£:S**£:. 

JE^)2. 7X10" 4 hPa (2X10- 4 Torr) ©TJt/^ig^i© 
(TJI/Xf>75vol. %. ^5ji25vol.%) 

0, 15mA,' 500VTM ^->t*-A$»^ 
g^tfXOgiit-^firStelOvoI. %«±50 
vol. XWiSl^. ^©-^S^fttA-h^t^) 

Sbv>fcs&T<&-& ( , M*nfciftftl©)?Sli. xps 

20 [0 0 5 0] £ 'T«, T^=f>-^?l-&^^^ffl^ 

x> mtmmuzviiy^yt/tmt&m&m&fizft-D 

> bf- A \Z i 5 Iy ^ > yjfta t fift»)lOJ5!Eil tsw 

[0 0 5 1] fLT, ««B#*8?5CSffll£^/Sbfc. 
■t©»J«*fr**K *2K^-r. ft*5. KKBJ&f 
30 M^SPf^-a--rtC^atCTfi£ML-fc«-&, ;*MJ£©Ar;tfX 

4>t?> ^(CTKb^tafiTis^mwjjo^s^ff 

*. #£.nfc&«B#m»fti5i8S©Li©>fc&/*it (I? 
%) Mt>'iC25 < CtC*JWS^^>e#«, LiCDfflfiXJtXtP 
©ii&J&JtY£#ae>. cn*»6tH|EbfcJtX/Y(«+Tft4Li/ 
PittTK-T) Li©i&fiScitW:. EPMA©##ri:iJ: 

0. JtX/YttICP©^WfCJ:0^a6Ac« ICP##t». 

*3> No. 2-2tNo.2-8<£^iTP©iffi.fi£tt; (JST%) tt^: 
40 xm : T%SK±20M^%&,T. S<Dm.f$.tt m=f-%) «30 
% &Lh6 OH? 1 % J^T© H td A o T 1/ i & . 
[0 0 5 2] 
[3E1] 
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Na 








Li/P it 


2-1 




78Li,S-22P,S B 


40 


3.5 


2-2 




96. 5L i ,S — 3P,S S - 0. 5L i ,P0 4 


62 


32 


2-3 




94.5Li t S-5P I S s -0.5Li a P0 4 


60 


19 


2-4 




85t i ,S - 1 4. 5P f S s - 0. 5L ijP0 4 ! 


48 


5.9 


2-5 




78Li l S-21.5P l S 6 -Q. 5Li,P0 4 


41 


3.6 


2-6 




651,1,5-34. 5P f S 5 -0. 5LijP0 4 


30 


1.9 


2-7 




60L i t S - 39. 5P,S fi - 0. 5L i ,P0 4 


27 


1.5 


2-8 




48. 0Li s S — 51. 5P,S B -0. 5Li J0 4 


19 


0.9 


2-9 




78Li 8 S — 21. SP^s—O. 5Li,S0 t 


41 


3.6 


2-10 




78Li,S-21. 5P»S 5 -0. SCLi^-PA) 


41 


3.6 


2-11 




7 8L i ,S - 2 1 . 5P t Si - 0. 5 L I ,P0i 9 N0. 1 


41 


3.6 ! 


2-12 




78Li,S-21. 5P,S 5 -0. 5Li,P0 4 


41 


3.6 


2-13 




78Li^-21.9P,S 5 -0. lLi,P0 4 


40 


3.6 


2-14 




7 8L i ,S — 2 1 PjSj— 1 L 1 jP 0 4 


A 1 

41 


t 7 


2-15 




75Li I S-20P I S 5 -5Li s P0 4 


43 


3.8 


2-16 




78Li,S-21.5P,S s -0.5Li J PO 4 


41 


3.6 


2-17 




78Li,S-21. 5P f S s -0. 5Li>P0 4 


41 


3.6 


2-18 




78Li I S~21.5P,S 5 -0. SLiJO, 


41 


3.6 


2-19 




75Li^-25P r S 5 


38 


3.0 


2-20 




75L1,S-25P ; S S 


38 


3.0 



[0 0 5 3] 20 m2] 



Na 


0&ttkf3M 
x: 


x: 


S/cn 


U ^ A 2 frmm&M<z> 


2-1 


140 




1.3X10-* 


6OOEAJ1 


2-2 


140 




1.0X10" 3 


450 


2-3 


140 




1.3X10~ S 


600 Ei± 


2-4 


140 




1.5X10- 1 


600 EU: 


2-5 


140 




1.5X10" 1 


600 Ek± 


2-6 


140 




1.5X10"' 


600 SX± 


2-7 


140 




1.3X10-* 


600 J^-t J 


2-8 


140 




1.0X10"» 


480 


2-9 


140 




1.5X10- 1 


600 EA-L 


2-10 


140 




1.5X10- 1 


600 £A± 


2-11 


140 




1.5X10-* 


600 EA-b I 


2-12 


?gM(25T:> 


150 


1.5X10^* 


600 £k± 


2-13 


140 




1.4X10" 1 


600 ELL 


2-14 


140 




1.5X10- 1 


600 W± 


2-15 


140 




1.4X10" 1 


600 £A± 


2-16 


130 




1.5X10- 1 


600 £k± ' 


2-17 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a sulfide inorganic solid electrolyte restrained from reacting with silicon 
sulfide even if it is brought into contact with lithium metal and to provide its formation method, a lithium battery 
member and a lithium secondary battery. 

SOLUTION: This inorganic solid electrolyte contains 25-60 atom.% of Li, and its remaining part substantially 
comprises P and S and does not contain Si. In particular, it is desirable that an oxygen quantity is gradually 
changed from the inorganic solid electrolyte toward a lithium containing material on the boundary between the 
lithium containing material and the inorganic solid electrolyte in an analysis by XPS capable of keeping an analysis 
chamber in ultra-high vacuum <1.33 x 10-9 hPa, and an oxygen containing layer having resided on the surface of 
the lithium containing material is generally removed. This kind of electrolyte can be realized by superposing a 
formation process for an inorganic solid electrolyte film on at least a part of a process for etching a base materia! 
surface by irradiating inert gas ions on the base material surface. 



